Using data from the Health and Retirement Study (HRS), we calculate the relationship between socio-economic status and a utility based measure of annuity value.
Introduction
Annuities provide insurance against outliving one's wealth that ought to be valued by risk-averse households facing an uncertain lifespan. However, rates of voluntary annuitization are extremely low, not only in the United States, but also in many other countries.
Although there are many explanations for the reluctance of households to annuitize, increases in the cost of annuitization resulting from adverse selection very likely contribute. One solution to the problem of adverse selection is mandatory annuitization. By forcing high mortality households to annuitize, the cost of annuities is reduced for everyone.
But households that would prefer not to annuitize, even at the more favorable rates made possible by compulsion, would be worse off under mandatory annuitization.
The amount that a household gains or loses can be determined by calculating its "annuity equivalent wealth" (AEW). AEW equals the ratio of the amount of unannuitized wealth that would leave a household indifferent between an optimal decumulation of that wealth and the purchase of an actuarially fair annuity, to the cost of that annuity.
1 When AEW exceeds one, the individual is, in expectation, better off annuitizing. Brown (2000) calculated AEW for twenty categories of individuals -men, women, blacks, whites, and Hispanics, and both blacks and whites with less than a high school education, high school or some college, or at least four years college. He found that the average individual in each category, but not necessarily all individuals in each category, would have an annuity equivalent wealth well in excess of one and would be better off as a result of mandatory annuitization. Importantly, Brown also found almost no variation between groups in annuity equivalent wealth. This was despite the money's worth of an annuity to some categories being very considerably less than the premium paid. 2 Brown's calculations were for single individuals with no pre-annuitized wealth. Brown and Poterba (2000) showed that longevity risk pooling in marriage would 1 An annuity is said to be actuarially fair if it offers an individual with a particular mortality risk an expected present value, calculated at some interest rate, equal to the premium paid. 2 The money's worth of an annuity is defined in the literature as the expected present value, calculated by reference to some mortality table and interest rate, divided by the premium paid.
considerably reduce the value of annuitization to married couples. Dushi and Webb (2004) analysis of Health and Retirement Study data showed that most households entering retirement have extremely high proportions of pre-annuitized wealth, once one included Social Security and defined benefit pension wealth. They showed that under the commonly used assumption of constant relative risk aversion, these households would place little value on annuitizing their unannuitized wealth, although they might still place a high value on the longevity insurance provided by their existing annuitized wealth.
We therefore recalculate annuity equivalent wealth for each of the categories studied by Brown, taking account of both marital status and estimates of each category's average proportion of pre-annuitized wealth obtained from an analysis of HRS households turning 65 from 1994 to 2000. Once we take account of these factors, we find very considerable variation in AEW, although at a three percent discount rate it is still greater than one for all categories, so that the average individual in each category would still benefit from mandatory annuitization.
But as Brown pointed out, group averages may conceal considerable household level heterogeneity in mortality, risk aversion, and proportion of pre-annuitized wealth.
The HRS contains individuals' estimates of their probabilities of surviving to specified ages. We apply a Bayesian updating technique developed by Gan, Hurd, and McFadden (2003) to recover each individual's level subjective life table from these responses. We show that these life tables vary appropriately with socio-economic status and that life expectancies derived from them aggregate to those obtained from published life tables.
We then calculate AEW for each HRS household turning 65 from 1994 to 2000, based on these life tables and our calculations of each household's degree of risk-aversion and proportion of pre-annuitized wealth. We find considerable variation. Importantly, we also find that 16.5 percent of the overall sample, and even higher percentages of low socio-economic status households, have an annuity equivalent wealth of less than one.
Under our assumptions regarding household preferences, these households would perceive themselves as being worse off under mandatory annuitization.
The remainder of the paper is organized as follows. Section two summarizes previous research, section three explains our methodology, section four presents our results, and section five concludes.
Previous research
In this section, we review the literature on the money's worth and actuarial unfairness of annuities, the value of annuities to risk-averse households facing an uncertain lifespan, and the distributional consequences of mandatory annuitization.
The money's worth of annuities
Using 1983 data, Friedman and Warshawsky (1988) were the first to calculate the money's worth of annuities. Mitchell, Poterba, Warshawsky, and Brown (1999) updated this work, using 1995 data. Mitchell et al calculated that the money's worth of an annuity to men aged 65 with population mortality was 75.6 percent when one discounted the income stream at the corporate bond interest rate, and 81.4 percent when one discounted it at the Treasury strip interest rate. But Dushi and Webb (2006) pointed out that this overstates the cost of annuitizing because households investing directly in the asset classes held by the insurance company will also incur management charges. They calculated that for a married couple aged 65 and 62 respectively, these charges correspond to 2.0 to 10.1 percent in expected present value terms, the wide range reflecting the considerable variation in the level of such charges. Mitchell et al (1999) also calculated the money's worth of annuities to individuals with annuitant mortality. Annuitants have considerably lower than population average mortality, and they found that the money's worth of an annuity for someone with annuitant mortality was some eight percent higher than that for someone with population average mortality. But this difference in money's worth is a poor measure of the burden of adverse selection to the average potential annuitant. There is a strong and welldocumented relationship between wealth and mortality and many high mortality-risk households have little or no annuitizable wealth. We refer the interested reader to Menchik (1993) , Attanasio and Hoynes (2000) , and Hurd, McFadden, and Merrill (2001) . Dushi and Webb (2006) estimate that the difference between the value of an annuity to someone with annuitant mortality and its value to someone with population mortality approximately halves when one weights population mortality by annuitizable wealth.
The value of annuities to risk-averse households facing an uncertain lifespan
Usually, an annuity with an appropriate survivor benefit will have a value in excess of its money's worth to a risk-averse household facing an uncertain lifespan and lacking a strong bequest motive. However, it may be relatively unattractive to a household that is impatient or wishes to retain liquidity to cover, for example, health expenditure shocks.
Most of the literature uses numerical optimization techniques to calculate either the wealth equivalent of an annuity or annuity equivalent wealth. The wealth equivalent of an annuity is defined in the literature as the money's worth at which a household would be indifferent between annuitizing his unannuitized wealth and undertaking an optimal decumulation of that wealth while continuing to hold it in unannuitized form. As mentioned previously, annuity equivalent wealth equals the premium over money's worth at which a household would be indifferent between annuitizing and not annuitizing. Mitchell et al (1999) calculated the wealth equivalent of an annuity for single individuals. Using 1995 United States data and assuming a real interest rate of 3 percent, an inflation rate of 3.2 percent, a rate of time preference of 1 percent, no bequest motive, no pre-existing annuities, population mortality, and a coefficient of risk aversion equal to one, they calculated that the before tax wealth equivalent of the typical nominal annuity was 0.659 for a single male. At a coefficient of risk-aversion of two, the wealth equivalent fell to 0.619. If half the individual's wealth was held in the form of a preexisting real annuity, the wealth equivalents increased to 0.730 and 0.695 under the same assumptions. As discussed above, only a very small proportion of single households have half or less of their financial wealth in annuitized form. These results are therefore representative only of the wealthiest households who may also have a stronger than average bequest motive. Brown and Poterba (2000) extended the analysis by calculating annuity equivalent wealth for married couples considering the purchase of a joint life and survivor annuity.
They assumed that couples have a utility function of the following form:
where λ measures the jointness of consumption, , th p e rc e n tile fro m th e 1 0 th d e c ile a n d th e w e a lth u p p e r c u t-o ff p o in t is $ 4 ,3 3 2 ,1 4 1 . T h e p re s e n t v a lu e s o f S o c ia l S e c u rity a n d e m p lo ye r D e fin e d B e n e fit p e n s io n s w e re c a lc u la te d u s in g a re a l ra te o f in te re s t o f 3 % a n d a n in fla tio n ra te o f 2 .5 % . A n n u itiz e d w e a lth e q u a ls th e s u m o f S S a n d D B p e n s io n s . F ig u re s a re in 2 0 0 0 d o lla rs a n d w e ig h te d u s in g h o u s e h o ld w e ig h ts . V a ria tio n b e tw e e n d e c ile s in n u m b e r o f o b s e rv a tio n s is d u e to w e ig h tin g .
annuitization, displace DB plans. The increase in the Social Security Normal Retirement Age will reduce the real value of Social Security wealth. Poterba, Venti, and Wise (2002) project that, as a result, the mean 401(k) plan balance of the cohort retiring in 2025 will exceed its mean Social Security wealth, even after allowing for the impact of increased longevity on the latter. The reforms proposed by the President's Commission There is also a literature, including work by Milevsky (1998 Milevsky ( , 2000 that examines the question of whether households might wish to postpone the purchase of a fixed annuity in order to obtain the benefit of the equity premium. But it is possible to purchase variable immediate annuities that offer the advantages of both annuitization and investment in equities, although they form only a small proportion of total annuity sales, despite a considerable body of literature demonstrating their attractiveness. We do not address the question of whether a program of mandatory annuitization should offer a variable annuity option, and instead assume that there is a single risk-free asset in which households may invest, and which the annuity provider uses to price the annuity. We refer the interested reader to Blake, Cairns, and Dowd (2003) for an analysis of optimal household portfolio allocations when variable annuities are available.
The distributional consequences of mandatory annuitization
There is a considerable literature that evaluates the distributional effects of the United States Social Security system in money's worth terms, for example, Gustman and Steinmeier (2001) , Liebman (2002) , and Coronado, Fullerton, and Glass (2000) . The literature finds that because households with high lifetime income have, on average, lower mortality, mandatory annuitization reduces, but does not eliminate, the overall progressivity of the system. Brown (2003) is the only previous paper that calculates the distributional consequences of mandatory annuitization in expected utility terms. He first calculated the money's worth of various types of annuities -real, nominal and 20 year period certain -to various categories of individual, and then calculates the annuity equivalent wealth of the various types to each category. His methodology is described in detail in his paper. To summarize, he made use of data from the National Longitudinal Mortality Study (NLMS, a nationally representative sample of over 600,000 individuals of all ages that was merged with National Death Index data for a period of nine years during the 1980s. He sorted the NLMS data by gender and ethnicity (black, white or Hispanic), and further sorts blacks and whites into three educational categories; less than high school, high school or some college, and at least four years' college. He then calculated an age specific non-parametric mortality rate for each category, there being up to nine observations for each individual. Using non-linear least squares, he estimated a survival function based on mortality rates for ages 25 to 84 and used the survival function to estimate mortality rates up to age 100. 4 He then calculated mortality rates for each category and age, relative to the all category average for that particular age. Assuming that relative mortality rates remain constant over time, he then combined this data with the 1978 birth cohort life table published by the Social Security Administration to calculate 1978 birth cohort life tables for each category of individual.
He then used these life tables to calculate the money's worth of an actuarially fair annuity to each category, assuming that the annuity is priced on uniform terms, using a combined male and female life table, and that the annuity is purchased at age 67. As one might expect, the money's worth of an annuity was higher for women than for men, for whites than for blacks, and for the better educated than the less well educated. The largest differences were between men and women, but the racial and educational differences were also substantial. His calculations show that, in dollar terms, mandatory annuitization involves a substantial degree of redistribution from men to women and from traditionally disadvantaged groups towards the more advantaged.
Brown then calculated AEW for each class, using numerical optimization techniques. A completely different picture emerged. When evaluated in expected utility terms, the redistributive effect of mandatory annuitization is small to insignificant, particularly at higher degrees of risk aversion. He has kindly consented to us reproducing his calculations of annuity equivalent wealth (Table 3 in his paper), and they appear as our there is no pre-annuitized wealth, annuitization is advantageous when the reciprocal of annuity equivalent wealth is less than the money's worth of annuities. As previously mentioned, the above authors calculated that the money's worth of an annuity to a 65 year old male was 75.6 percent, more when the more conservative Treasury strip interest rate was used. Comparing the money's worth of an annuity, calculated using even the corporate bond interest rate, with the reciprocals of AEW, would lead one to predict substantial rates of voluntary annuitization whereas, of course, Poterba (1997) and many other authors have highlighted the rarity of its occurrence.
The Brown results are for single individuals and assume no pre-annuitized wealth.
As previously mentioned, Brown and Poterba (2000) show that married couples will place a lower valuation on annuitization than single individuals, for any given level of risk-aversion while Dushi and Webb (2004) show that incorporating actual levels of preannuitized wealth further reduces of the value of annuitization.
Thus, it is clear that Brown (2003) calculations represent an upper bound to the value of annuitization. However, it is difficult to tell ex-ante whether, if we were to incorporate the above factors, we would still obtain his key findings; namely that average AEW varies little from one household type to another, and that in expected utility terms, the average household in each category would be better off under mandatory annuitization than it would be were it to undertake an optimal decumulation of its unannuitized wealth.
Furthermore, Brown's calculations are for the average individual in each household type. As he points out, the types are not monolithic, and averages may conceal considerable household level heterogeneity. It is possible that although the average household of each type may be better off under annuitization, substantial minorities may not be.
Methodology
Calculating group average annuity equivalent wealth The HRS oversamples black households, so the sample sizes for both blacks and whites are generally adequate, the principal exception being college-educated blacks. We refer the reader to Dushi and Webb (2004) for a description of the methodology used to calculate the expected present value of pension wealth, but in brief, they use selfreported data on actual or anticipated pension income, a three percent real interest rate, a 2.5 percent inflation rate, and population average mortality for the appropriate birth 8 This is a birth cohort that would have most likely attended college between 1947 and 1957. We find that college educated whites have 10.9 percent less of their financial wealth in pre-annuitized wealth than whites with a high school education. In contrast, college educated blacks have 5.1 percent more than blacks with a high school education. We suspect that we are overstating the pre-annuitized proportion of the wealth of black college educated households, but our estimates of black college-educated households' annuity equivalent wealth would not be substantially increased were we to assume that their proportions of pre-annuitized wealth equaled those of similarly educated white households. 9 Under any plausible utility function the value of mandatory annuitization decreases with each additional dollar annuitized. Our calculations assume that all unannuitized wealth is annuitized. Some proposals envisage that households would be required to annuitize only part of their Social Security Individual Account -for example of an amount sufficient to lift their income above the poverty threshold -in which case the value of annuitization would be slightly higher. For simplicity, and in view of the very small magnitude of Uccello's estimate, we follow Brown by assuming that the annuity is priced at an actuarially fair rate with zero administrative costs, using uniform pricing and a three percent real rate of interest. It is important to note that the annuity provider cannot simply use the average of the male and female mortality rates to price the annuity. Men have higher mortality rates than women, so women predominate at older ages, and at older ages, uniform mortality rates will be closer to female than to male rates. 10 Uccello calculated residual actuarial unfairness for the 1940-1980 birth cohorts, weighted in favor of younger households by reason of the fact that they would accumulate individual account wealth over a greater number of years. The DYNASIM model's assumptions regarding socio-economic differences in mortality rates based upon 1980-1982 data from the National Longitudinal Mortality Study -the same dataset that Brown used in his research -see Favreault and Smith (2004) for a description of the DYNASIM methodology. Mandatory annuitization of 401(k) balances would likely result in much greater levels of actuarial unfairness, at least from the viewpoint of someone with population average mortality, because of the much stronger relationship between income and account balances in such plans resulting from the capping of the Social Security tax, and the fact that high earners are disproportionately likely to be eligible for, participate in, and contribute maximum amounts to 401(k) plans.
Calculating household level annuity equivalent wealth
The above analyses have focused on the average household within each group.
But annuity equivalent wealth will vary within each group, due to within-group variations in mortality risk, risk aversion and proportion of pre-annuitized wealth. To obtain estimates of these variations, we calculate annuity equivalent wealth for each HRS household in which the husband turned 65 between 1994 and 2000, taking account of the household's composition, proportion of pre-annuitized wealth, coefficient of riskaversion, and its members' subjective assessments of their annual survival probabilities.
In the following paragraphs, we introduce the HRS data on subjective mortality beliefs and explain how we recover each individual's subjective life table and estimates of each household's coefficient of risk-aversion.
HRS data on subjective mortality beliefs

Participants in the HRS and the Asset and Health Dynamics Among the Oldest
Old (AHEAD) panel of somewhat older individuals born between 1890 and 1923 are asked to estimate their chances to surviving to ages ten to twenty five years hence. McGarry (1995, 2002) analyzed the HRS data and found that these subjective survival probabilities contained important information. The responses aggregated quite closely to the predictions of life tables and varied appropriately with known risk factors and determinants of mortality. In panel, individuals modify their subjective survival probabilities in response to new information. The subjective survival probabilities also predict actual survival. Hurd and McGarry (1995) analyzed data from wave two of the HRS and found that, after the inclusion of a variety of controls, nonwhite individuals reported significantly higher subjective survival probabilities. We find that both before and after controlling for age, education, gender, and cognitive ability, black individuals report significantly higher survival probabilities. 11 We consider the implications of this finding when discussing our results.
Constructing subjective life tables for each individual in the HRS
In each wave, individuals were asked to assess their probabilities of surviving to ages 75 and 85, the wave one question being evaluated on a scale of one to ten, and subsequent waves' questions being evaluated on a scale of one to 100. We restricted our analysis to the age 75 responses.
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Since we have wealth data at the wave the household attains age 65, we decided to calculate AEW at that age. We use the survival probability estimates given at the last wave before the husband turned 65. 13 Our sample therefore consists of the 1,689
husbands who were aged 63 to 65 years old at waves one to four of the HRS and their wives of any age. We do not use waves five to seven, as only the first four waves can be matched to Dushi and Webb (2004) data on proportions of pre-annuitized wealth. We discard 79 households for whom we lack data on education or ethnicity, leaving 1,610.
Neither the subjective survival probability nor the risk aversion questions were asked of proxy respondents, and responses are missing for some other individuals. We have subjective survival probability responses for both spouses in 1,255 of the above households, and responses to questions regarding risk-aversion, discussed later, for 1,152 of the 1,255. We find that the non-respondents to the survival questions had higher mortality than the remainder of the sample. Wave one of the HRS contains a total of 12,652 individuals, and subjective survival probabilities are missing for 944, or about seven percent of the total. At wave six the vital status of 8.45 percent of the 944 was unknown and 17.5 percent were known to be deceased, compared with 5.87 and 12.13 percent for those who provided data. Under the alternative assumptions that all of those who dropped out of the sample were either alive or dead at wave six, non-respondents have a mortality rate about 44 percent higher than respondents.
We therefore imputed missing responses using hot-deck imputation, with gender, education, ethnicity, and self-reported health status as covariates. 14 Hurd and McGarry (1995) showed that self-reported health status is a highly significant predictor of self- 12 We conjectured that individuals' knowledge about their relative mortality risk may decrease as the mortality time horizon lengthens. It is possible that the age 85 responses may contain additional information, but we defer to future research the recovery of subjective mortality tables from survival estimates to multiple ages. 13 We decided against using the following wave's estimates as they would include mortality information received after the assumed date of annuitization. 14 Hot-deck imputation is widely used in the HRS and similar datasets and involves filling in missing data by randomly drawing responses from the subset of individuals with the same characteristics.
assessed survival probabilities, even after controlling for many other variables that are likely correlated with health status. We also imputed the missing risk aversion data, although the relationship between risk aversion and socio-economic status is less clear.
Continuing with our analysis of sample attrition, we eliminated 65 households with wives aged less than 51, as these are unlikely candidates for immediate annuitization, leaving 1,545, and eliminated two households with a spouse over 75, leaving 1,543. We matched 1,229 of these households to Dushi and Webb data on proportions of pre-annuitized wealth.
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We now explain how we recovered subjective annual survival probabilities from GHM use the self-reported survival probabilities to update the prior distribution and to obtain the posterior distribution. GHM then apply the posterior distribution of survival probabilities to observed mortality among the panel to estimate parameter values that best characterize each individual's belief as to his annual survival probabilities.
For each individual in the AHEAD data set, GHM estimate an "optimism" index.
Compared to the life table survival probability, an individual may overestimate or 15 Dushi and Webb measured wealth immediately after the older spouse turned 65 to capture any changes in wealth allocations that might occur on or around retirement. A total of 316 of the 1,543 households could not be matched to the Dushi and Webb data because the household dissolved, was lost to the survey between the two waves, had an older wife who attained age 65 before wave two, or in 13 cases, was in the top percentile of the wealth distribution.
underestimate his/her survival probability. The estimated "optimism" indices show significant individual heterogeneity and can be applied to derive individuals' subjective annual survival probabilities, their "subjective life tables," without focal biases.
GHM consider four different optimism indices. Individuals may think of themselves as aging more or less rapidly than the average person of their age and gender, "age scaling," or may think of themselves as facing an annual mortality risk that bears a fixed relationship to the average for persons of their age and gender, "hazard scaling."
The index can also be constrained so that the average belief coincides with the predictions of life tables, or allowed to be unconstrained.
We apply the GHM methodology to the HRS data. We use the "unconstrained hazard-scaling" index because GHM found it had the best predictive power of actual survival experience among all four indices. In particular, let the current age of individual i be a. An individual's subjective survival probability to age a+t is given by: 
Calculating households' degrees of risk-aversion
Individuals in the 1992 wave of the HRS were asked how they would choose between their present income for life and a 50:50 lottery in which their lifetime income would either increase or decrease by specified percentages. Under the assumption of constant relative risk-aversion, one can use the responses to determine whether an individual's coefficient of risk-aversion is less the one, in the ranges 1-2 or 2-3.76, or is greater than 3.76. We follow Brown (2003) by assuming, dependent on the range in which the individual's coefficient of risk-aversion lies, that his coefficient is 0.7, 1.5, 2.9 or 5.0. We assign each household a coefficient of risk-aversion equal to the average of the husband's and the wife's coefficients.
Results
In the following sections, we first report calculations for the average household of each type. We start by reporting calculations for married couples with no pre-annuitized wealth, then married couples with pre-annuitized wealth, and finally, single individuals with pre-annuitized wealth. We then report our calculations of the entire distribution of annuity equivalent wealth.
Utility-based calculations -average household in each category
We report AEWs for the 1978 birth cohort, and for consistency with Brown, assume a retirement age of 67. 16 We follow Brown by reporting results for all households, all whites, blacks, and Hispanics, and whites and blacks with less than a high school education, high school or some college, and at least four years' college. We report results only for married couples that are of the same ethnicity and have the same level of education. Our analysis of HRS couples turning 65 between 1994 and 2000 shows that 60.4 percent report the same ethnicity and education. We assume the constant relative risk aversion utility function specified in equation (1), and again follow Brown by considering coefficients of risk aversion of one, two, three, four, and five. We assume that the real interest rate equals three percent and that households are required to purchase a real joint life and 2/3 survivor annuity that is priced using a uniform life table. This survivor benefit corresponds to that payable under Social Security when the widow's benefit is payable by reason of her husband's contributions. Warner and Pleeter (2001) argue that many households might have quite high discount rates. We consider how the rate of time preference might affect AEW by also
reporting results calculated at rates of time preference of five and ten percent. These results might be applicable not only to households that are impatient, but also to those that might prefer a decreasing consumption path during retirement, because, for example, they fear that declines in health may limit their activities at older ages.
The top panel of Table 3 reports our calculations of AEW for married couples in each of the above categories, assuming a three percent interest rate and no pre-annuitized 16 Governments might require individuals to annuitize their pension wealth at some older age. For example, until April 2006, the United Kingdom used to require annuitization of personal pensions by age 75 at the latest. Time preference = 10 percent r = 3%, λ = 0.5, 1978 birth cohort, retirement age = 67 Time preference = 5 percent wealth. We find that longevity risk pooling very considerably reduces the value of annuitization, consistent with Brown and Poterba (2000) . All ethnic and educational groups still have AEWs well in excess of one, even at low coefficients of risk-aversion, but the between group variations in annuity equivalent wealth are much greater than those in Brown (2003) calculations for single individuals.
To illustrate, black couples with less than a high school education, the highest mortality group, have an AEW of 1.121 when their coefficient of risk-aversion equals one and 1.302 when their coefficient of risk-aversion equals five, compared with Brown (2003) results of 1.296 and 1.534 for black men and 1.453 and 1.587 for black women with the same level of education. In Brown's calculations, the difference between the annuity equivalent wealth of a white college educated male and a black male without a high school education was only 3.7 percent at a coefficient of risk aversion of two, the corresponding difference for females being 0.4 percent. In contrast, the difference between the annuity equivalent wealth of a white college educated couple and a black couple with less than a high school education is 8.1 percent at the same degree of risk aversion. When the coefficient of risk aversion is five, the comparable numbers are 1.2, 0.1, and 5.8 percent.
The lower panels of Table 3 report our results calculated using rates of time preference of 5 and 10 percent. The AEWs of all household types are substantially reduced. At a rate of time preference of 10 percent, and at low levels of risk-aversion, high mortality groups may no longer be better off as a result of annuitization. 17 However, there is little change in the difference between the AEWs of high and low mortality groups. For example, assuming a rate of time preference of ten percent, and a coefficient of risk aversion of five, the difference between the AEWs of white couples with a college education and black couples with less than a high-school education is 5.9 percent, compared with 5.7 percent when the rate of time preference is five percent, and 5.8 percent when the rate of time preference is three percent.
We then consider how our results might be affected by the inclusion of preannuitized wealth. Table 4 reports the mean proportion of pre-annuitized to total financial wealth for various classes of HRS households turning 65 during the period 1994-2000. Table 1 shows that households with large amounts of unannuitized wealth also have small proportions of pre-annuitized wealth, and it is therefore not surprising, given 17 Although some might argue that mandatory annuitization protects those with high discount rates against the consequences of their fecklessness! the well-documented relationship between wealth, ethnicity and socio-economic class, that Table 4 shows that there is also a strong relationship between ethnicity, socioeconomic status and the proportion of pre-annuitized wealth. The mean proportion of pre-annuitized wealth among married couples with a white college-educated husband is 66.0 percent, whereas the mean proportion of pre-annuitized wealth among married couples with a black husband with less than a high school education is 93.5 percent.
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Among single women, the respective proportions are 59.3 and 98.0 percent. We report sample sizes in brackets. Recall that when there is no pre-annuitized wealth, the difference between the AEWs of white college educated couples and black couples with less than a high school education is 8.1 percent at a coefficient of risk aversion of two and a rate of time preference of three percent. When one incorporates pre-annuitized wealth, the difference in AEW increases to 11.5 percent. At a coefficient of risk aversion of five, the comparable figures are 5.8 and 9.9 percent.
The increase in the between group variation in annuity equivalent wealth is partly because high mortality groups also have high proportions of pre-annuitized wealth. It also reflects the fact that at higher proportions of pre-annuitized wealth, the longevity insurance provided by an annuity becomes less important and its money's worth more important in determining its value to the household. When there is no pre-annuitized wealth, the difference between high and low mortality households' AEWs decreases substantially with increases in the coefficient of risk-aversion, reflecting the higher value that risk-averse households place on longevity insurance. When one incorporates preannuitized wealth, the relationship is much less pronounced, reflecting the decreasing marginal value of further longevity insurance. 
Calculations of the entire distribution of annuity equivalent wealth
We create a subjective life table for each HRS household, using the GHM methodology discussed previously. We first check that our subjective life tables represent "reasonable" beliefs. Our average optimism index, ψ is 0.81. We expect it to be less than one because the sample excludes individuals institutionalized at baseline, who probably had higher than average mortality. We then calculate subjective life expectancies for each group, and compare them with the predictions of life tables for the appropriate class of individual. On the other hand, blacks are much more optimistic than the predictions of life tables, reflecting the optimism of their raw subjective survival probabilities, referred to previously. 19 We considered estimating the model separately for blacks and non-blacks.
We chose not to do this because, as mentioned previously, we have no evidence that differences in comprehension or interpretation of the question contributed significantly to the differences in responses. In the absence of evidence to the contrary, we take the responses at face value, and conclude that black individuals really do believe they have greater longevity at older ages than non-blacks. Figures 1 and 2 show the distribution of estimates of life expectancy at age 65 for all men and women, and for the three educational groups of white men and women. Life expectancy varies from nine years ten months for white men with less than a high school education to 25 years three months for white women with a college education. There is much greater education related variation at the bottom of the distribution than at the top, suggesting that the educated are uniformly healthy, whereas there is a larger distribution of remaining life expectancy among the less well educated. 19 There has been a debate in the demographic literature as to whether a "mortality crossover" occurs at older ages with blacks enjoying lower mortality than whites at very advanced ages. It is generally agreed that black mortality is higher at all ages up to 75. Preston, et.al. (1996) believe that findings of a mortality crossover are the result of errors and inconsistencies in the data. Subjective Life Expectancy C u m u la tiv e P e rc e n ta g e white men less than high school white men high school some college white men four years college white women less than high school white women high school some college white women four years college Overall, 47.7 percent of households fall into the most risk-averse category. There was little variation in risk aversion with education or ethnicity, although it is possible that we are failing to identify socio-economic differences in the proportions of households that are highly risk-averse, given the high percentage of households falling into the most risk-averse category.
We calculate household level annuity equivalent wealth at age 65 to correspond with the age at which Dushi and Webb (2004) calculated proportions of pre-annuitized wealth. Figure 3 shows the cumulative distribution of annuity equivalent wealth for all married couples, and Figure 4 the distributions for blacks, whites, and Hispanics. Among married couples, 16.5 percent have an annuity equivalent wealth of less than one and would perceive themselves as being worse off under mandatory annuitization, given our assumptions about household preferences. Median annuity equivalent wealth is 1.122, and the median coefficient of risk aversion is four. 
Annuity Equivalent Wealth Cumulative Percentage
Black White Hispanic the value of annuitization increases with age and that the simulations assumed annuitization at age 67, whereas the calculations based on subjective mortality beliefs assumed annuitization when the older spouse turned 65
The percentages reporting annuity equivalent wealth of less than one vary little across ethnic groups, reflecting the relative optimism of black households about their life expectancy. Among white households, the percentages with AEW of less than one vary from 36.5 among those where both spouses have less than a high school education, to 13.8 among those with high school or some college, and only 1.5 percent for those with four years, college education. The sample size is insufficient to permit a similar analysis of black and Hispanic households. 
Conclusions
Previous research has shown that traditionally disadvantaged groups receive a lower "money's worth" from mandatory annuitization on uniform terms than the more privileged. This same research has shown that, in expected utility terms, the average single individual with no pre-annuitized wealth in each of the educational and racial groups studied would reap substantial benefits relative to a counterfactual of no annuitization. The research also showed that there is almost no between group difference in the magnitude of that benefit.
We show that if one takes account of pre-annuitized wealth and longevity riskpooling within marriage and assumes the three percent rate of time preference used in previous research, the average household in each group obtains only a small benefit from mandatory annuitization. However, in contrast to previous research, we find that there are now substantial differences between groups in the value of annuitization. This finding has important implications for one's assessment of the overall progressivity of the Social Security system, and it would appear that, in expected utility terms, the system is not as redistributive as was previously thought.
Even within groups, there will be substantial heterogeneity not only in mortality beliefs, but also in willingness to accept risk, and proportions of pre-annuitized wealth, characteristics which economic theory indicates also affect the value households place on annuitization. Our analyses show that significant minorities of some groups may correctly perceive themselves as being net losers under mandatory annuitization even when the average household in the group perceives itself as being a net gainer.
